Abstract: In this correspondence we presents the performance analysis of multiple-input multiple-output (MIMO) technique incorporating maximal-ratio combining with transmit antenna selection (MRC/TAS) in frequency-flat Rayleigh fading channels. The expression of probability density function (pdf) for MRC/TAS ( , 1; ) scheme has been derived. The probability of outage is examined first. Further by the efficient use of pdf, the closed-form expressions of bit error probability (BEP) and channel capacity have been evaluated for MRC/TAS as a single infinite series of tabulated function. The asymptotic BEP expression shows that MRC/TAS system can achieve full diversity gain equal to .
The remainder of this paper is presented as follows: In Section 2, the system-model characterization is presented. We evaluate the analytical performance analysis of MRC/TAS schemes in Section 3. Lastly, numerical outcomes are illustrated in Section 4, continued by concluding statements in Section 5.
System and Channel Model
We consider a MRC/TAS ( , 1; ) system in Rayleigh frequency flat fading channel environments with transmit and receive antennas. We assume that the channel state information is ideally accessible at the receiver. Let = [ℎ ] ∈ × be the complex channel matrix and follows the Rayleigh fading model with channel coefficient are modeled as ℎ~(0,1). The received signal at any time can be expressed as R=HX+W (1) where matrix ∈ ×1 is received signal vector, ∈ ×1 is the complex transmitted signal vector and ∈ ×1 is a receiver noise vector and are modeled as ~(0, 0 ). We have selected a single transmit antenna for transmission at any time with maximal channel gain, denoted by , and is given by
The random variables are arranged as ( ) ≥ ⋯ . ≥ (2) ≥ (1) denoted by h 1 ≤ ≤ . The instantaneous SNR of MRC/TAS output can be given as = ̅ ( ) where ̅ is the average received SNR per channel. In a frequency non selective Rayleigh fading, the probability density function (pdf) and cumulative density function (cdf) is given by [6] ( ) = is the first kind confluent hypergeometric function [16] 
where
is pochhammer's symbol [16] . Thus [ ( , ̅ ) ]
can be written as
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Now inserting (9) into (5), the pdf of can be written as
Performance Analysis
In this section, the outage probability, BEP and channel capacity of MRC/TAS over Rayleigh fading channels is studied.
A. Outage Probability
The outage probability for ( , 1; ) MIMO system is given in [17] as
where 0 is the optimal cutoff value below which data transmission is not effective. Let = 2 0 −1 ̅ . Thus, the outage probability can be obtained as
Now, inserting (10) into (12) and using [16, (3 
B. BEP Analysis The BEP of MRC/TAS over Rayleigh fading is derived by averaging the error probability of M-ary signal { ( )} over the pdf .
B.1. BEP for M-PAM
The error probability of M-PAM signal ( ) is given by [18] 
. The BEP can be evaluated as by using the result [17] ∫ (√ )
where = √ 2 + ⁄ . Thus, inserting (10) & (16) into (15) and using the result in (17), the exact BEP can be evaluated as (21) into (19) , the exact BEP of M-QAM can be evaluated.
B.3. BEP for M-PSK
For M-PSK signal the probability of error ( ) is given by [19] When ̅ → ∞, the pdf of (10) can be written as [20] ( ) = Γ( )
Finally, the asymptotic BEP of MRC/TAS under Rayleigh fading condition is obtained as
The diversity gain is defined as
Equation (26) indicate that MRC/TAS system can achieve full diversity gain equal to .
C. Channel Capacity
The average channel capacity [ / / ] of MRC/TAS system over Rayleigh fading channels is given by [21] =
Inserting (10) 
Numerical Results
This section presents numerical results to illustrate and validate the BEP and channel capacity of MRC/TAS over uncorrelated Rayleigh fading channels. Figure 1 depicts the BEP expression in (19) of ( , 1; ) MRC/TAS with = 1 and 1 ≤ ≤ 3 over Rayleigh fading channels when = 16. It can be observed that as the number of transmit antenna increases the BEP deteriorates since the selection of the antenna increases. Unified Performance Analysis of Maximal-Ratio Combining with Antenna Figure 2 illustrates the BEP expression in (23) of ( , 1; ) MRC/TAS with 4-PSK modulation over Rayleigh fading channels with = 2 and 1 ≤ ≤ 4. From Figure1 and Figure2, we can conclude that the performance of the TAS/MRC technique has been significantly affected by the number of transmit antennas.
The average channel capacity per unit bandwidth achieved from (29) is illustrated in Figure 3 for ( , 1; ) MRC/TAS with = 1, 2 ≤ ≤ 3 and = 2, 2 ≤ ≤ 3 over Rayleigh fading channels. It can be noticed that the capacity of the system increases as the number of transmit antenna increases. 
Conclusion
We examine the performance analysis of MRC/TAS technique over flat Rayleigh fading channels that pick an optimal subset of available antennas at transmit end. By efficiently utilizing the pdf as a single infinite series of tabulated function, we derived the outage probability, exact analytical BEP for M-PAM, M-QAM and M-PSK modulation and channel capacity. It can be observed that the performance matrices in terms of BEP and capacity improve as the received SNR per branch and/or diversity order increases. It can also be concluded that MRC/TAS technique in Rayleigh fading channels can obtain full diversity gain. 
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